Background: Temporal change detection of informal settlement was conducted using geographic information system and remote sensing in order to evaluate the land use land cover change (LULCC) in Jimma city, southwestern Ethiopia. We analyzed the LULCC since 1997 using Landsat imagery of 1997, and aerial photography of 2007 and 2017. Qualitative and quantitative data was also collected from city residents by using structured questionnaires focusing on peoples' perceptions to understand the pattern of informal settlements in the study area. Maximum likelihood supervised classification methods was employed to create the signature class of the five land cover classes: built up, vegetation, barren land, open land and agricultural land.
Introduction
Informal settlement is a type of housing units construction that is made on a swath of land without legal claim from the municipality. It can also be referred to occupying land illegally and conduct unplanned housing constructions that does not comply with current planning and building regulations of a city. There are various synonyms term used for informal settlement, such as slum, squatter settlement, unplanned towns, and shanty town (Abunyewah et al. 2018) . Khalifa (2011) defines the term slum as a residential area inhabited by extreme poor who have no land tenure and characterized by low quality or informal housing. Informal urban settlement has four common dimensions of informality such as lack of formal legal titles, irregular urban structure development, lack of essential public services, and the occurrence on public land (Inostroza 2017) . This type of settlement is also considered as illegal settlement or squatter settlement; do not have legal right to occupy the land (Soyinka and Siu, 2018) . It is uncontrolled mass urbanization (Lejano and Bianco 2018) . Urban informal settlements are a self-building housing, substandard services, and low incomes of residents are often seen as problematic, because of poverty, irregularity and marginalization (Lombard 2014) . Poor economic opportunities and an increasing shortage of affordable housing lead to informal settlements where the residents live without security of tenure and limited access to basic infrastructure (Penrose et al. 2010) . This has adverse impacts on the life of informal settlers and urban development.
Rapid urbanization and population growth is of the key global development challenge for the twenty-first century (te Lintelo et al. 2018) . Rapid population growth accompanied by economic activities causing subsequent land expansion for construction in developing countries (Guan et al. 2011) . The world has experienced rapid urbanization and slum proliferation in twentieth and twenty-first century centuries (Mosammam et al. 2017) . Informal settlements and urban informality are the common problems in third world countries (Nassar and Elsayed 2017) . Developing countries are characterized by rapid, unstructured and unplanned development (Asmat and Zamzami 2012) . The rapid population growth and unemployment in rural areas enhance the informal settlements in major cities of developing countries which resulted in a situation where more than half of the population resides in informal settlements (Payne 2005; Abunyewah et al. 2018) .
Urban planning is a crucial tool to guide the growth of urban areas elsewhere. However, the planning practices and culture is not yet implemented on the ground. Even though, various measures have been undertaken to improve the conditions of slums in developing countries, their effectiveness is often questionable (Mweni 2012) . As a result of population growth, the demand for affordable housing provisions is increasing. Because of financial constraints, the low economic class of the society forced to occupy urban land illegal. Urban informality is one of the key evidence of either housing deficit or unaffordable cost of formal housing (Roberts and Okanya 2018) . Previous study conducted by Adam (2014) in the peri-urban areas of Bahir Dar in northern Ethiopia, indicates the procedural steps to make the illegal settlement to formal legal settlement-start with identifying a plot for sale and ends with the confirmation of traditional letter of agreement signed by transacting parties without legal ground to do so.
The predominance of spontaneous development, urban centers in Ethiopia has been posing a substantial need for planning intervention for urban center. Even though, Ethiopia is one of the least urbanized countries in Africa; its rate of urbanization has become quite dramatic recently (Esayas 2013). It has been observed that urbanization in Ethiopia is taking place at a much faster pace than population growth owing to decentralization (regional and municipal decentralization) in the post 1991 period (Gulyani et al. 2001) . Unplanned informal settlements have resulted in serious negative effects on the urban dwellers and their environment (Chadchan and Shakar 2012). Managing the growth and development of cities are very complex in nature since it has enormous challenges not only to utilities (Banda and Mwale 2018), but also it affects the surrounding environment, natural resources, health condition, social cohesion, and individual rights (Cohen 2006) .
Several studies on the effects of informal settlement have been conducted. Majority of the study have focused on the effects of urban informality on the residents and local development. The findings of the previous studies (Abunyewah et al. 2018; Lejano and Bianco 2018; te Lintelo et al. 2018; Guan et al. 2011; Payne 2005) concludes that rapid urbanization, population boom, the level of economic status, and unplanned development activities are some of the major factors for the occurrence of informal urban settlements. The urban informality is common and serious problems in developing countries. However, the temporal-spatial pattern of informal settlement has not been carefully studied. Therefore, this paper aims at filling this critical knowledge gap through exploiting the temporal-spatial patterns of informal settlements in a fast growing Jimma city. This study will enhance public understanding towards the effects of informal settlements, which can contribute for developing effective planning and management strategies. Therefore, the aim of this study is to assess the temporal-spatial pattern of Jimma city informal settlement and its driving forces.
Data and methods

Description of the study area
Jimma city Administration is one of the oldest and historic cities in Ethiopia. It is in Oromia National Regional State, in Jimma zone (Fig. 1) , located 352 kms to Southwest of the Ethiopian capital, Addis Ababa. Geographically, the city is located at 7º40′24.47″N latitude and 36º 5′4.95″ E longitude. Jimma city (the capital of Jimma Zone) is the most important city in Southwestern Ethiopia and the study area has been chosen because of the fast rate of urbanization and informal settlement and little study were made on it. The city has a total population of 195,443, of whom 97,629 are men and 97,814 women with an area of 100.2 km 2 [Central Statistical Agency of Ethiopia], Central Statistical Agency of Ethiopia 2007).
As indicated in Table 1 , a total of 34, 438 informal household numbers were identified, though participatory inventory of Jimma city administration land development and management. These informal households acquired land illicitly and built on privately owned agricultural land without planning laws and regulations. The informal settlements are living without sufficient infrastructure and services and they are not able to request the government for service delivery since they know themselves as illegal settlers.
Research methods and design
This study used GIS and remote sensing software's like ArcGIS 10.2 and ERDAS imagine 2010 for analyzing the extent of informal settlements in Jimma city. Besides, GIS and remote sensing techniques, household questionnaire survey, on-site observation, and focused group discussions (FGDs) were used for qualitative information about the informal settlements. This research was performed following the underlying flowchart (Fig. 2) .
The sample size and sampling techniques
Jimma city is one of the biggest cities in the southwestern part of Ethiopia with 17 villages. To select sample villages in the study area, preliminary field survey as well as FGDs was done with the stakeholders. Based on the information we gained through preliminary survey and FGDs, informal settlements are common across the city with high prevalence in six villages, namely Jiren, Bore, Ifa Bula, Kofe, Saxo Samaroo and Ginjo (Table 1 ). The six villages are found around the peripheries of Jimma city.
For socioeconomic data collection, because of resource scarcity to carry out a large scale survey and homogeneity of the population, we used the multi-stage sampling techniques following established procedure (Okoffo et al. 2016) for sample size determination. The multi-stage sampling has three stages. In the first stage, the six villages, namely Jiren, Bore, Ifa Bula, Kofe, Saxo Samaroo, and Ginjo were purposively selected from the existing 17 villages based on the severity of the informal settlements. In the second stage, exclusion criterion was developed to focus on the number of household unit, who resides in the study area for more than 20 years for household questionnaire surveys. In the final stage, 21 housing hold units were randomly selected from each of the six selected villages. Therefore, a total of 126 household units were randomly selected from the six villages for the study. 
Data source and instruments
Data for this article is drawn from a combination of primary and secondary data. Primary data were collected through household surveys, FGDs, in-depth interviews and site observation, while secondary data was obtained from Jimma city Municipality, and CSA of Ethiopia. The Landsat TM 1997 with 30 m × 30 m resolution and Aerial Photography (2007 and 2017 with 15 m × 15 m resolution) were used to detect the LULCC following (Poyil and Misra 2015; Shaw and Das 2018) . Characteristics of the satellite data used in this study are summarized in Table 2 .
Data analysis
Temporal and spatial variations of informal settlements were analyzed for the Jimma city to determine the extent of unplanned urban growth over the study period. Percentages of each land use class, including built up area, vegetation, barren land, open land and agricultural land for 1997, 2007, and 2017 were analyzed for changes in LULC and its implications on urban expansions to the periphery.
To calculate the change in percentage (%), the initial and final LULC area coverage was compared following Garai and Narayana (2018) as indicated in Eq. 1.
(1)
Maximum likelihood supervised image classification (Chima et al. 2017 ) was carried out by using ArcGIS10.2 software and ERDAS 2010 software to produce LULC maps of 1997, 2007 and 2017. Accordingly, five LULC classes were generated which included: built up, vegetation, barren land, open land and agricultural land. Remote sensing images change detection approaches (Yuan et al. 2005 ) and the postclassification change detection approach (Hung and Wu 2005; Haque and Basak 2017) was used to assess the change results from 1997 to 2017. Classified image pairs of two different time phases are compared using cross-tabulation to assess qualitative and quantitative aspects of the change for the study period. A change matrix is generated following Weng (2001) to determine the overall LULCC gains and losses in each land use category between 1997 and 2017 are then compiled. Finally, the change detection of informal settlement map of the study area was produced. Socioeconomic data obtained from field survey through questionnaires, field observation and interview were analyzed.
Results and discussions
Jimma city land use land covers change (1997-2017)
This study used past and recent satellite data to evaluate the land use change over the study period. For this purpose, five LULC were produced. These included; built up, vegetation, barren land, open land and agricultural land. As indicated in Table 3 , the highest LULC in 1997 was open land (37.86%) followed by agricultural land (21.48%) and barren land (16.50%), while vegetation (13.92%) and built up area (10.24%) is the least LULC classes in 1997. The analysis of LULCC revealed that the built-up area was 1081.9 ha (10.24%) of the study area in 1997 was increased to about 1160.3 ha in 2007. The agricultural land is decreased from 2269.5 ha in 1997 to 2235 ha in 2007. In contrary to vegetation, barren land, and built up areas, the open land and agricultural land was decreased by the year 2007. There has been a transformation from open land and agricultural lands to built-up area caused by rapid urbanization and slum proliferation (Mosammam et al. 2017; Esayas 2013; Guan et al. 2011) .
In 2017, the LULC classification of Jimma city indicates that the highest proportion is vegetation land (30.65%), followed by barren land (21.23%) and open land (17.66%). The vegetation class shows a radical increasing in the study area because of the protection of the green area as well as the culture of the community in planting edible fruit trees and others. The increment of vegetation LULC class is a direct reflection Mosammam et al. 2017 ) who reported that the rapid urban population is a key challenge of the twentyfirst century. Three land cover classes namely built up, vegetation and barren land shows an increasing trend throughout the study periods (Fig. 3) .
The built-up area shows increasing trend from 1997 to 2017 covering an area of 1081.9 ha (10.24%) in the year 1997 and 1160.3 ha (10.98%) and 10 years later this land cover class increased to 1402.2 ha (13.27%) in (Lejano and Bianco 2018) , which enhances the problem of informal house constructions. These findings are supported by Roberts and Okanya (2018) , who reported urban informality, is the outcome of either housing deficit or unaffordable cost of formal house rent. It is observed that the vegetation cover has increased from 1470 (13.92%) in the year 1997 to 1551 (14.68%) in the year 2007, and the increasing trend of vegetation coverage is continued throughout the study period, 
Land use land cover matrix of Jimma city administration
To acquire changes of the five land cover classes over the study period (1997-2017) , the change matrix was conducted through cross tabulation to investigate the trend, net change, and percent change between 1997 and 2007, 2007 and 2017 , and for the overall study period 1997 and 2017.
The study reveals that the built-up is expanding in the periphery of the city, particularly in southwestern and the eastern part of the city (Fig. 4) . Our study reports that the built-up land increased, which is in consistent with previous studies (Esayas, 2013; te Lintelo et al. 2018) . We found that the built-up area increased more rapidly in the periphery of the city and while it remain stable near to the main road. Such increase in the periphery of the city is mainly due to rapid population of the city. As reported by Guan et al. (2011) , rapid population growth and economic development has led to expansions of built up areas.
Change detection of informal settlement in 1997
Findings presented in Table 4 indicate that the proportion of non-built is 71%, while the built up accounts about 29%. This finding agrees with Nassar and Elsayed (2017) , the informal settlement and urban informality is a serious problem in third world countries. Information we collected though focused group discussions shows, there is a deficit of house for rent as well as the increment of house rent from private sectors contributes for the occurance of informal settlements in the perphery of the city. The informal settlers are social excluded and psychological threatened since they are illegal; not able to request public service facilities from the government.
In 2007, the built up kept the pace of growth and gained additional 666 ha (8%) increased from 2315.88 ha (29%) in 1997 to 2982 ha (37%) in 2017. Unpredictable, built-up (informal settlement) increased from 29% in 1997 to 37% Fig. 4 The land use/land cover changes in Jimma city area during the study period from 1997 to 2017 It is evident that the informal settlement in the study area is highly increasing. The change detection analysis shows that there is a rapid increase in the built up areas from 2982 ha (37%) in 2007 to 3316 ha (41%) in 2017. Of the total land area for the six sub-city account about 8088 ha, the non built area is 4772 ha (59%). Figure 5 shows the comparison of informal settlements over the study period (1997-2017) . The black colour indicates the informal settlements, which is highly concentrated in the periphery of Jimma city. In 1997, the informal settlements is not much known. However, from 2007 onwards the informal settlemets is increasing in the study area which is associated with human population growth (Abunyewah et al. 2018) , rising of land prices, and rural to urban migration accelerated the problems of informal settlements in the periphery of Jimma city. The population trend of Jimma city contributes for informal settlements, the city administration faces service provision challenges to the informal settlers: the absence of a proper drainage system, dwellers' along the peripheries lacks the road networks and sustainable electricity are limited for dwellers along the peripheries. The informal settlement has negative effects on urban dwellers and their environment (Chadchan and Shakar 2012; Cohen 2006) . Above all, the unprecedented population growth coupled with unplanned development activities has led to urban agglomeration, which lacks infrastructure facilities.
Major driving factors for informal settlement in Jimma city
Data collected from the household survey through questionnaire, and interview revealed that informal settlements were the product of the existing land lease 1997, 2007, and 2017 policy (33.3%) and absence of formal land transfer by a government (29.4%) followed by expensive land price (23%) and migration from rural areas only contributes for about 12.7% (Fig. 6) .
The household survey results indicated that majority of respondents (86%) believe that the land lease proclamation highly contributed towards informal settlement; whereas, 14% perceived that the lease proclamation has no impact on the expansion of informal settlement. As the interviews and data from land development and management office indicates the informal settlement is greatly increased after the lease proclamation of 721/2004. This land lease proclamations aimed to keep land in the ownership of the state through transferring all urban land holdings into the lease system to improve the development of urban infrastructure. Land lease policy increase urban land price since every interested individual will compute to win by increasing the land lease price per meter square. Since the leasing system competing by cost the poor is unable to compete with those who have enough resources and unable to win the chance to involve into the informal settlement. The increment of this land price in Jimma city is directly associated with rapid urbanization and population growth (te Lintelo et al. 2018) , which enhances the demand of land market for house constructions.
Data obtained from expert's interview shows that unemployment and unable to pay the land lease price immensely contributed for the increasing number of informal settlements. The respondents also confirmed that the city has land use related problems such as insecurity of tenure, large land stocking by individuals and unfair compensations for land owners (who occupied the land before urban expansions). Information obtained from focused group discussions indicates that the migration of the youth from rural areas to the city for job search increased the number of people living in informal settlements throughout the city.
The rapid increment of human population, changing lifestyles, and high urbanization will continue to widen the gap between the demand for housing and available supply around Jimma city, which contributes for informal settlement. The results from socioeconomic data shows that various factors such as; informality, lack of awareness, weak land policy enforcement, loopholes (ambiguity) of law, corruption, and other factors like shortage labour force and resources are some of the challenges Jimma city land administration. These all problems make the management of cities more complex in nature as described by Banda and Mwale (2018) . As indicated in Fig. 7 , informality and lack of awareness accounts about 66% are the dominant challenges of city land administration.
Informality has a negative impact not only on the government, but also the informal settlers in various dimensional (Fig. 8) . Data obtained from household survey indicate that, the informal settlement affects the economic advantage of the owner (31.7%), insecurity of the ownership (31%), affects the municipal revenue (27%), and illegal use of scarce land resource (10.3%).
Conclusions
Increasing urbanization and rapid population growth has exaggerated the problem of informal settlements. An informal settlement in the urban periphery is a common and serious problem in Ethiopia particularly in Jimma city. Due to informal settlement, the scarce land resource is misused and the government lost revenue from the illegal dwellers. The government is facing great challenges from the emerging informal settlements as they accommodate a substantial proportion of the urban population who lives in substandard living conditions. Understanding the characteristics, extent and pattern of land use change are an important supporting tool for decision making processes. This paper was analyzed the LULCC to identify the extent of informal settlements using GIS and remote sensing technologies over the time period of 20 years. Combing data from socioeconomic survey and multi-temporal remote sensing images reveals that there 
